The objective of this present investigation is to develop gastroretentive sustained release alginate beads of Diclofenac sodium by the ionotropic gelation method. The floating beads were prepared by dispersing Diclofenac sodium together with CaCO 3 (as gas forming agent) into a solution of sodium alginate. The resulting solution was then extruded through a 22 gauge syringe needle into 100 ml cross-linking solution containing calcium chloride (1% w/v) plus acetic acid (10% v/v). Prepared beads were evaluated for their encapsulation efficiency, buoyancy test, FT-IR spectroscopy, scanning electron microscopy (SEM) and release behaviour. In vivo floating behaviour was studied by sonography. The drug entrapment efficiency was increased with the increment of polymer ratio. All of the formulations (F1 to F5) floated immediately or with a very short lag time and remained floating upto 24 hours. Rough and porous surface was observed in case of surface SEM and many large hollow pores or multiple small hollow pockets were observed in case of cross-sectional SEM of beads. In vivo floating behaviour of the beads was confirmed by ultrasonographic examination of a healthy male volunteer after ingestion of capsule containing floating beads. In vitro dissolution studies were performed for eleven hours into 900 ml 0.1N HCl (pH 1.2) using USP Apparatus II (paddle type) maintained at a temperature of 37ºC and stirred at a speed of 50 rpm. The dissolution study revealed that, after eleven hours the percent of drug release for five formulations were 76.7% (F1), 73.5 % (F2), 72.2 % (F3), 70.56% (F4), and 69.1 % (F5) and all of the formulations followed zero order and Higuchi model.
INTRODUCTION
The drug bioavailability of pharmaceutical dosage forms is influenced by various factors. One of which is gastric residence time (GRT). 1 The gastric emptying process from the stomach to small intestine generally lasts from a few minutes to 12 h. This variability leads to an unpredictable bioavailability of an orally administered dosage form. 2 Furthermore, the relatively short gastric emptying time can result in an incomplete release of drug from dosage form. Floating drug delivery system (FDDS) is one of gastroretentive dosage forms that could prolong GRT to obtain sufficient drug bioavailability. [3] [4] [5] [6] FDDS have a lower density than gastric fluids and thus remain buoyant in the stomach without affecting the gastric emptying rate for a prolonged period of time. In our work, the floating drug delivery system employed calcium carbonate (CaCO 3 ) as a gasforming agent dispersed in an alginate matrix. Alginate is a polysaccharide which contains varying amounts of 1,4'-linked β-D-mannuronic acid, α-Lguluronic acid residues. 7 As biocompatible and biodegradable biopolymer, it forms a bio-adhesive and stable gel with divalent cations such as Ca 2+ , Sr 2+ , and Ba 2+ . 8 These properties have enabled wide spread use of sustained release of drugs. 9 Alginate beads are stable in acidic media and easily depredated in alkaline media. During formation of the floating drug beads, carbonate react with acetic acid to produce carbon dioxide. The evolving gas permeates through the alginate leaving gas bubbles or pores. 7 In our study diclofenac sodium, an acidinsoluble NSAID, was used as model drug. This drug requires multiple dosing due to its short biological half life and it may lead to fluctuation in the plasma drug concentration and may also fail to release the drug at the desired amount which often results in poor patient compliance and inefficient therapy. 10, 11 Thus, in this study, an attempt has been made to prepare controlled release sodium alginate beads containing diclofenac sodium using calcium carbonate (CaCO 3 ) as gas forming agent. The obtained beads were evaluated for encapsulation efficiency, infrared spectroscopy, scanning electron microscopy (SEM), in vitro and in vivo floating properties and in vitro release behaviour.
MATERIALS AND METHODS

Materials
Diclofenac sodium and sodium alginate were obtained as gift samples from Medicon Laboratories Ltd. Calcium chloride and calcium carbonate were purchased from local market of Bangladesh. All other reagents used were analytical grade.
Methods
Preparations of floating alginate beads. Sodium alginate solutions of different concentrations were prepared by dissolving required amount of alginate (Table 1 ) in 100 ml of deionized water under gentle agitation. Diclofenac sodium and calcium carbonate (as gas forming agent) were dispersed in alginate solution under constant stirring for uniform mixing. The dispersion was sonicated for 30 minutes to remove any air bubbles. The resultant dispersion was dropped through a 22 gauge syringe needle into 100 ml of 1% (w/v) calcium chloride solution containing 10% (v/v) acetic acid at room temperature. Then the beads formed were allowed to remain in the stirred solution for 10 min. The beads were filtered and subsequently oven-dried at 50ºC for 4 hours. Determination of drug encapsulation efficiency. 50 mg of beads from each formulation were weighed and crushed in a mortar and pastel and the crushed material was dissolved in 100 ml of phosphate buffer at pH 7.4. This solution was mechanically agitated on shaker at 200 rpm for 2 hours. The resultant dispersions were filtered and analyzed at 276 nm using UV spectrophotometer (JASCO-V500, Kyoto, Japan). The encapsulation efficiency was determined by the following formula. 
Encapsulation efficiency = (AQ/TQ) X 100
where AQ is the actual drug content of beads and TQ is the theoretical quantity of drug present in beads.
Buoyancy test. The obtained beads were studied for buoyancy 12 and floating time using USP Apparatus II (paddle type). One hundred beads of each batch were placed in 900 ml of 0.1 N HCl (pH 1.2) containing 0.02% w/v Tween 80 and agitated at 50 rpm, temperature was maintained at 37ºC.
FT-IR study. Drug polymer interactions were studied by FT-IR spectroscopy. The infrared spectra of sodium alginate, diclofenac sodium and drug loaded beads were recorded on FT-IR (Shimadzu-FTIR 8400S). The samples were prepared on KBr press and the spectra were recorded over the wave number range of 4,000 to 400 cm −1 .
Scanning electron microscopy (SEM).
The surfaces and cross-section morphologies of the beads were observed using a scanning electron microscope (SEM) (JSM-6490 LA, JEOL, Tokyo, Japan) operated at an acceleration voltage of 25 kV. The beads were made conductive by sputtering thin coat of platinum under vaccum using Jeol JFC-1600 autofine coater and then the images were recorded at different magnifications.
In vitro dissolution studies. In vitro dissolution studies were performed for all the formulations using USP apparatus II (paddle type). An accurately weighed floating alginate beads were taken into 900 ml 0.1N HCL buffer (pH 1.2). The temperature was maintained at 37ºC and stirred at a speed of 50 rpm. At 30 minutes time intervals, a 10-ml aliquot of the sample was withdrawn and the volume was replaced with an equivalent amount of plain dissolution medium kept at 37ºC. The collected samples were filtered and analyzed at 276 nm using UV-visible spectrophotometer against 0.1N HCL buffer (pH 1.2) taken as blank. The release mechanism was explained with zero order and Higuchi model.
In vivo evaluation of gastric retention by ultrasonography.
The in vivo gastric residence of the beads was studied by ultrasonograhic examination. 50 mg of beads was taken in a hard gelatin capsule (o size) and this capsule was orally adminstered to a healthy male volunteer (height:1.70 metre, weight: 50 kg). By maintaining the required conditions of ultrasonography, the whole abdomen was observed. The ultrasonography images were collected at 30 minutes and 3 hours after ingestion of capsule.
RESULTS AND DISCUSSION
Determination
of drug encapsulation efficiency. The drug encapsulation efficiency was increased with the increment of drug to polymer ratio. In case of Formulation-1, the % of encapsulation was 75%, where the drug to alginate ratio was 1:2. But, this was increased in F-2 to F-5 where entrapment efficiency was 80.8% to 88.9%.
Buoyancy test.
Floating properties of beads were studied by determining buoyancy and time required for sinking all the beads under study. The surfactant was used in medium to simulate surface tension of human gastric juice. Beads of all Formulations floated immediately (very short lag time) and remained floating up to 24 hours. which indicated that diclofenac sodium ( Figure 2 ) was successfully entrapped into the sodium alginate matrices and a remarkable shift to lower wave number of COO − (asymmetric) and C−O−C stretching peaks of sodium alginate with a decrease in intensity of COO − (asymmetric) stretching peaks.
It can be described that amino groups of diclofenac could protonate in sodium alginate dispersion and then interacted with carboxyl and ether groups of alginate before cross-linking process and after croslinking calcium ion form ionic bond and a partial covalent bond with carboxyl groups and ether groups of alginate respectively.
11,13
Scanning electron microscopy (SEM). Figure  4 shows the surface and cross-sectional SEM pictures of the beads. The surface of the dried beads of Formulation 3 were rough and porous ( Fig. 4A and  4B) . The cross-sectional morphologies of floating beads were also examined with SEM ( Fig. 4C-4F) . Many large hollow pores or multiple small hollow pockets were observed in the alginate matrix. The number of observed pores appears to be directly related to the amount of incorporated gas-forming agent. The precipitated drug crystals can be seen embedded in the matrix.
In vitro release kinetics. After eleven hours the percent of drug release ( Figure 5 (F3), 70.56% (F4) and 69.1 % (F5). The decrease in drug release was due to simultaneous increase in alginate amount. Because the more the amount of alginate, more would be the cross-linking between sodium alginate and calcium chloride; thus more drug would remain entrapped and decrease the release. In the absence of gas-forming agent the release rate was very slow. CaCO 3 is present as an insoluble dispersion in neutral pH aqueous alginate solution. However in acidic media, the CaCO 3 becomes water soluble. After studying the drug release kinetics, it was observed that all the formulation follow both zero order and Higuchi release kinetics (Table 2 ).
In vivo evaluation of gastric retention by ultrasonography. The prepared beads (F3) were selected for evaluation of gastric retention by ultrasonographic examination. After 30 minutes the capsule was identified and some beads seen floating in the stomach ( Figure 6 ) and after 3 hours numerous beads were seen flaoting in different location of stomach ( Figure 7 ). These images confirmed the floating and non mucoadhesion behaviour of the beads. 
